An enzymatic micromethod for estimating urea in serum and urine is described. Urea is first converted by urease into ammonia which is then estimated by the reaction with α-ketoglutarate catalysed by glutamic dehydrogenase. No deproteinization or dialysis of the serum is required.
FAWAZ and v. DAHL (1) and KIRSTEN, GEREZ and KIRSTEN (2) published an enzymatic method for the estimation of ammonia in tissues and body fluids. MONDZAC, EHRLICH and SEEGMILLER (3), apparently unaware of the above publications, also described the same procedure. The method is based on the reaction: NH+ + H+ + NADH + a-ketoglutarate glutamic dehydrogenase^ L . glutamate + NAD + Since the reaction goes to completion under experimental conditions, the decrease in extinction (ZlE) at 340 nm is a measure of the amount of NAD formed and thus of the quantity of ammonia present. This enzymatic method is not only sensitive, but also specific, since related amines like methyl-and ethylamines do not react. Furthermore, the method does not involve the use of strong alkali which could result in the de novo synthesis of extra ammonia. For the estimation of blood ammonia, protein-free filtrates from heparinized plasma are used. The use of serum without deproteinization, presents difficulties which have not yet been surmounted. However, since the concentration of urea nitrogen in blood exceeds that of ammonia nitrogen several hundred-fold, it was thought possible to use native serum in minute quantities for the estimation of urea. Ammonia, liberated from urea by the action of urease, could then be determined by the glutamic dehydrogenase catalysed reaction. Such a method is described in this paper. It permits the estimation of urea in as little as one microliter of serum and avoids the disadvantages inherent in color reactions such as nesslerization etc.
Reagents
All reagents are dissolved in glass-redistilled water made ammonia-free by redistillation following acidification with sulfuric acid. 1. Glutamic dehydrogenase (Boehringer) dissolved in glycerol, 10 mg/m/.
2. KH 2 P0 4 -Na 2 HP0 4 buffer, pH 7.6, 0.2M. 3. NADH Na 2 (Boehringer) O.OlM, dissolved in neutral ammonia-free water freshly prepared. 4. Adenosine diphosphate (ADP Na 3 · H 2 O Boehringer), 10 mg/ m/. (The purpose of the ADP is to protect glutamic dehydrogenase from inactivation due to depolymerization.) 5. cc-ketoglutaric acid (0.2M), carefully neutralized with 0.4N NaOH. 6. Urease (Boehringer, 5.34 U/mg). Shake 100 mg of urease powder with 5 m/ 50% aqueous glycerol and centrifuge off undissolved particles. The urease solution contains significant amounts of ammonia which can be removed by treatment with permutit. Shake with 500 mg permutit for 10 min. and centrifuge. Repeat the permutit treatment twice. The solution is stored in the refrigerator at 3-5° C.
Procedure
Native serum (without deproteinization) is used. It is diluted 1:10 with the phosphate buffer when the urea content is known to be within normal limits. In patients known to be uremic greater dilution is required and the volume of the sample is chosen to give a decrease in optical density (ΔΕ) of 0.2-0.6. The method is also used to measure urea (and ammonia) in urine. For this purpose, urine is diluted 1:100 and a sample of 0.04-0.08 m/ is used for ammonia estimation. It is diluted 1:500 for urea estimation and the volume of the sample is 0. Stir thoroughly and take two or three readings until the optical density remains constant. Add 0.01 m/ glutamic dehydrogenase solution and stir. Read at five-minute intervals until no further decrease in optical density is observed, (20 min.). This decrease is due to the ammonia present. Add 0.02 m/ of permutit-treated urease and stir. Read at five minute intervals until the reaction comes to an end, (20-30 min.). A "blank" cuvette containing all reagents except the "sample" is read simultaneously with the unknown and its value subtracted from that of the unknown. Optical measurments are taken at temperatures between 25-27° C. 
Results und Discussion
The validity of a quantitative method can best be tested by adding varying amounts of the substance to be measured into the material to be analysed. In this case, urea was added to normal serum to produce urea nitrogen concentrations of up to 250 mg/100 ml serum which is the highest one can anticipate in sera of uraemic patients. It can be seen from Table 1 that the recoveries were satisfactory and well within the technical errors expected with the use of a Beckman B spectrophoto- meter and the "ADH" graduated pipette used in clinical chemical laboratories. There is every reason to believe that the accuracy of the method can be further increased by using precision pipettes to measure the test sample and better spectrophotometers than the Beckman B instrument. Furthermore, the enzymatic method was compared with the diacetyl monoxime method used in our Hospital Laboratory with the "Tcchnicon" to determine serum urea (4). This colorimetric method utilizes dialysates of serum. The agreement between both methods was satisfactory in all ranges of urea concentrations. The use of the enzymatic method to determine urea (and ammonia) in urine presents no difficulties. However, if ammonia in urine is also to be measured, both substances cannot be determined in a "sequential" run on the same sample. Two different dilutions of the urine must be made, one for ammonia and one for urea, since the concentration of urea nitrogen is almost ten times that of ammonia nitrogen. Needless to say, when ammonia alone is to be determined in urine no addition of urcase is necessary and the decrease in optical density after adding glutamic dchydrogenasc is used for the calculation. Again, comparison of the enzymatic method for urinary urea with one of the colorimetric methods based on BER-THELOTS reaction of ammonia with hypochlorite and phenol (5) yielded satisfactory agreement between both methods.
